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HYPERSONIC BOUNDARY LAYER TMNSIT ION 

Boundary l a y e r  t r a n s i t i o n  R e m o l d s  numbe 
de te rmined  f o r  6 :  3-degree  s e m i - v e k e x  a n g l e  cones  a t  Mach 
numbers 9 and 13.3. The t r a n s i t i o n  Reynolds  numbers were 
de te rmined  p r i m a r i l y  by measuring t h e  v a r i a t i o n  o f  t h e  
t o t a l  d r a g  c o e f f i c i e n t  w i t h  body Reynolds  number. When t h e  
body Reynolds  number was i n c r e a s e d  s u f f i c i e n t l y  t o  c a u s e  
t r a n s i t i o n  t o  o c c u r  on t h e  a f t  p o r t i o n  o f  t h e  model, a marked 
i n c r e a s e  i n  t h e  d r a g  c o e f f i c i e n t  was observed .  T h i s  was due 
t o  t h e  h i g h e r  s k i n  f r i c t i o n  d rag  a s s o c i a t e d  w i t h  t h e  a r e a  
s u b j e c t e d  t o  t h e  t u r b u l e n t  boundary l a y e r .  The d a t a  a r e  
shown i n  f i g u r e  1. 

An a d d i t i o n a l  a n a l y s i s  was made of  t h e  d a t a  by i n v e s t i -  
g a t i n g  t h e  n a t u r e  o f  t h e  b a s e  flow. 
each  Mach number where t h e  body Reynolds  number was l e s s  t h a n  
t h e  a p p a r e n t  t r a n s i t i o n  Reynolds  number, t h e  wake f l o w  a t  
t h e  b a s e  was p redomina te ly  l amina r .  These  d a t a  a r e  i n d i c a t e d  
i n  f i g u r e  1 by open symbols. 
Reynolds  numbers g r e a t e r  t h a n  t h e  t r a n s i t i o n  Reynolds  number,  
t h e  wake flow was p redomina te ly  t u r b u l e n t .  T h e r e f o r e ,  f o r  
t h i s  c a s e ,  t r a n s i t i o n  would have t o  o c c u r  on t h e  body. T h e s e  
l a u n c h i n g s  a r e  i n d i c a t e d  i n  f i g u r e  1 by s o l i d  symbols.  The 
t r a n s i t i o n  Reynolds  number t h a t  i s  i n d i c a t e d  by t h e  w a k e  d a t a  
i s  t h e  same a s  t h a t  de te rmined  by t h e  d r a g  d a t a .  

For a l l  l a u n c h i n g s  a t  

For a l l  l a u n c h i n g s  a t  body 

A t h i r d  p r e l i m i n a r y  a n a l y s i s  h a s  been made o f  t h e  
, l a u n c h i n g s  w i t h  t r a n s i t i o n  on t h e  body. 
an  a t t e m p t  was made t o  measure t h e  l e n g t h  o f  l a m i n a r  f l o w  on 
t h e  body a s  obse rved  on t h e  r a n g e  shadowgraph pho tographs .  
A t r a n s i t i o n  Reynolds  number was t h e n  c a l c u l a t e d  by u s i n g  t h e  
a v e r a g e  obse rved  l e n g t h  of  l a m i n a r  f l o w  and t h e  measured f l o w  
p r o p e r t i e s .  The t r a n s i t i o n  Reynolds  number a t  Mach number 9 
o b t a i n e d  by t h i s  method i s  6.2 x 106 and a t  Mach number 13.3 
i s  8.7 x 106. 
6.5 x 106 and 8.7 x 106 f o r  Mach numbers 9 and 13.3, r e s p e c t i v e l y ,  
o b t a i n e d  by t h e  d r a g  method. An a t t e m p t  w i l l  be made t o  measure 
t h e  l e n g t h  o f  l a m i n a r  f l o w  on t h e  r a n g e  pho tographs  more 
a c c u r a t e l y ,  b u t  t h e  r e s u l t s  a r e  n o t  e x p e c t e d  t o  v a r y  a p p r e c i a b l y  
from t h e  p r e l i m i n a r y  resu l t s  mentioned above. 

F o r  t h e s e  l a u n c h i n g s ,  

These  v a l u e s  a g r e e  v e r y  w e l l  w i t h  t h e  v a l u e s  of  

EXLOSURE ( 1 )  



Summary 

All r a n g e  t e s t i n g  for t h e  program h a s  been completed. 
The  results i n d i c a t e  t h a t  t h e  t r a n s i t i o n  Reynolds n mber 
f o r  a 6.3-degree semi -ve r t  x angle cone i s  6.5 x log f o r  Mach number 9 and 8.7 x 10 % f o r  Mach number 13.3. 

A final report w i l l  be p r e p a r e d  during the  next quarcter. 
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